ABSTRACT. A granulocyte/macrophage colony-stimulating factor (Peak-1 CSF) was partially purified from the medium of a serum-free culture of Yoshida sarcoma cells (Line YSSF-212T). Its elution position in gel-filtration chromatography corresponded to a molecular weight of about 22,000. The factor had an isoelectric point at pH 4.5 and a sedimentation coefficient of 2.3 S. The major part of its activity was not bound by Concanavalin ASepharose. Although CSF activity behaved as a single component in the gel-filtration and isoelectrofocussing procedures, subsequently it was resolved into two species by preparative discontinuous polyacrylamide gel-electrophoresis. This resolution indicates microheterogeneity of the CSF molecule. Oxidation with periodate readily inactivated L•-P3-cell CSF, but the YSSF-cell CSF was fairly resistant. Moreover, titration with anti-L cell CSF serum showed a definite difference between L•-P3-cell CSF and YSSF-cell CSF.
The genealogy of blood cells involves bipotential myeloid stem cells that can develop into a lineage of neutrophilic granulocytes or a lineage of monocyte/macrophages (11, 19) . This development is controlled by three different classes of humoral regulators, probably all of which are sialoglycoproteins. The first is the granulocytemacrophage colony-stimulating factor (GM-CSF) (3, 5, 6, 8, 9, 17, 22, 30, 33) that produces both granulocytes and macrophages from bipotential stem cells. The two other classes of CSF are the granulocyte colony-stimulating factor (G-CSF) (4, 23, 34, 35) and the macrophage colony-stimulating factor (M-CSF or CSF-1) (1, 13, 20, 28, 29) . The former acts on stem cells to produce mainly granulocytes, whereas the latter produces mainly macrophages from the stem cells.
These regulators appear to be produced locally in hematopoietic tissues (10, 15) and to perform their functions in the area in which they are produced (24) . In addition to hematopoietic tissues, many other tissues contain cells (presumably macrophages and lymphocytes) capable of producing myelopoietic regulators such as those described above (18, 21, 25) . The entire mechanism of humoral regulation of myelopoiesis has yet to be determined, and detailed studies are needed.
Abbreviations used: GM-CSF, granulocyte-macrophage colony-stimulating factor; G-CSF, granulocyte colony-stimulating factor; M-CSF, macrophage colony-stimulating factor; CM, conditioned medium; Con A, Concanavalin A; Peak-1 CSF, the first peak CSF from DEAE-cellulose column chromatography.
Previously, we reported (22) that Yoshida sarcoma cells (Line YSSF-212T) derived from a rat produce a CSF that can promote formation of granulocyte colonies in both human and murine bone marrow cell cultures. The YSSF-cell CSF attracted our attention because of its activity beyond species specificity. The molecular properties of the YSSF-cell CSF reported here resemble those of RSP-2•-P3 cell CSF (30) and markedly differ from those of L•P3-cell CSF (29, 31 
RESULTS
Chromatographic behaviour of the YSSF-cell CSF. In a separate experiment, all CSF activity was precipitated by ammonium sulphate from the serum-free conditioned medium, and a sample of it (216 mg protein) was chromatographed on Sephadex G-150. A major part of the CSF activity was eluted as a peak with the V/V0 value of 2.20 ( Fig. 1) . The position of the peak was nearly the same for the agar colony assay and the [3H]thymidine uptake assay. Chymotrypsinogen (molecular weight-22,500) was eluted from this gel-filtration column with the V/V0 value of 2.22, indicating that the molecular weight of this major peak CSF is similar to that of chymotrypsinogen. In addition to the major peak, a few minor peaks were detected by the [3H]thymidine uptake assay. The second largest peak was eluted with the V/V0 value of 2.76; this value did not match that of the small peak of CSF activity detected by the agar colony assay method.
To prepare Peak-1 CSF, another large batch of ammonium sulphate precipitate was chromatographed through DEAE-cellulose as described in MATERIALS AND METHODS. The first CSF peak represented about one tenth of the total CSF activity. This material was chromatographed on Ultro-gel AcA44 chromatography and was recovered from the fraction that had an average V/V0 value of 1.43, which value was consistent with a previous result (22) . This elution position from the Ultro-gel column corresponded to a molecular weight of 22,000, determined with bovine serum albumin, lactoglobulin, and cytochrome c as standards. This two-step-purified Peak-1 CSF was stored and used for the experiments reported below.
A sample (0.31 mg protein) of the purified stock was used to determine the sedimentation coefficient of the CSF. Upon centrifugation in the sucrose density gradient, the CSF activity sedimented at a distance of 10.5 mm in 17 h as a single peak. This peak corresponded to a coefficient of 2.3 S, or to a molecular weight of 21,000.
Another sample (0.31 mg protein) of the stock was put through isoelectric focussing with the carrier Ampholine. The CSF activity was focussed at pH 4.5 as a single peak (Fig. 2) .
The major part (12.4 mg protein) of the stock was applied to a Con A Sepharose column. A total of 2.8 mg or 22.5 % of the applied protein was recoverd in the fraction not bound to the column. This break-through fraction contained more than 84 % of the applied CSF activity. The other 16 % of the CSF activity was found in the fraction eluted from the column with a-methyl-D-glucoside. A large sample (2.70 mg protein) of the unbound fraction was put through preparative polyacrylamide gel electrophoresis. The CSF was resolved into two peaks of similar size as shown in Fig. 3 .
Other properties of the YSSF-cell CSF. The heat-stability of the YSSF-cell CSF in the crude preparations is shown in Table 1 . The CSF activity precipitated with ammonium sulphate seems to be more stable than that in the original cell-conditioned medium. Exposure of the crude CSF to acidic (pH 2.0 by HCl) and basic (pH 11.5 by NaOH) environments resulted in 48 % or 78 % loss of activity within 2 h at room temperature. Peak-1 CSF also was fairly stable ; nearly 100 % of the activity was recovered after the crude preparation was filtered through an Ultro-gel AcA44 column as well as when it was chromatographed on Con A Sepharose. The L•P3-cell CSF was slightly less stable than the YSSF-cell CSF (Table 1) .
Oxidation with periodate showed a significant difference in the stability of the L•P3-cell CSF and the Peak-1 CSF of the YSSF cells (Fig. 4) . Nearly all the activity of the L•P3-cell CSF was lost by an 18-h treatment with 2 mM periodate, whereas loss of the YSSF-cell CSF activity during the same treatment was negligible.
An addition of anti-L cell CSF serum to a soft-agar culture of bone marrow difference in the molecular properties of the two components resulted in their separation by the most sensitive method. A similar microheterogeneity recently was reported by Burgess et al. (7) for the epidermal growth factor from mouse submaxillary gland. In our study, however, the possibility can not be excluded that the microheterogeneity may have been artificially induced during electrophoresis. The heterogeneity of our CSF seems mainly to be due to the molecule being a sialoglycoprotein (2, 26, 31) . Variations in the isoelectric points of the various CSFs are shown in Table 3 . Probably the diversity of molecular charges of the CSFs from different sources also is due to the degree of sialylation. Although our information is limited, M-CSF seems to be more heavily sialylated than GM-CSF.
Desialylation of human urine and L•P3-cell M-CSF increased their isoelectric points by more than one pH unit, whereas the shift in pI was only a one-half pH unit in the GM-CSFs from human lung and Mo-cell CM. Tables 2 and 3 also show which CSFs are active on human cells. Generally speaking, the CSFs that are not specific for animal species are small and less acidic than speciesspecific CSF. Alternatively, it can be said that the granulopoietic pathway is less dependent on species difference than the monocyte/macrophage pathway.
